Introduction
The carboxylic acids are one of the most important organic acids because of their application. They are starting compounds for the synthesis of many derivatives. Substituents of the carboxylic acids have an impact on acidity. A carboxylate group as a ligand can coordinate with metal ion in various ways [1] , making it interesting. The title chloroacetic acid is widely used. It is used in medicine since it has astringent and antiseptic properties, in the medical analysis to remove proteins from blood or serum in the determination of glucose. Sodium salt of trichloroacetic acid is used in agriculture, as one of the herbicide. It is in the fourth class of compounds known as damaging agents. In the plastics industry, it is used as a solvent for plastics, in metal industry to the surface treatment of metals, due to of the corrosive properties [2, 3] . This acid is widely present in the environment. It is characterized by very high stability. Their high solubility in water makes, that it occurs in the rain, snows, ice, fog fresh and marine waters as well as in the soil [4, 5] .
To the research were selected d-block metals and lead (although it is metal of p-block). Lead and zinc are classified as non-ferrous metals. A common feature of the selected elements is the ability to create different type of complexes.
In literature there is a note about Zn(II) chloroacetate and its complexes with nicotinamide and caffeine [6] . Also, there is some information about Zn(II), Cd(II) and Pb(II) with acetic acids [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
This paper investigates several solid compounds of Zn(II) and Cd(II) with mono-, di-, or trichloroacetic acids and Pb(II) with trichloroacetic acids (as the most common compound of lead with chloroacetates, which is in the soil). Their stoichiometric composition, nature of the metal-organic ligand bond, molar conductivity in various solvents and thermal behavior were studied. Thermal stability in air, information about stages of pyrolysis, intermediate and final solid products of decomposition of investigated compounds are described. In addition, for Zn(CCl 3 COO) 2 Á2H 2 O as an example, volatile species emitted during thermal decomposition in air and for comparison in argon atmosphere were studied. This compound was chosen because it is important for the environment.
Experimental
Materials, synthesis and analysis CClH 2 COOH, CCl 2 HCOOH and CCl 3 COOH were obtained from Aldrich. Zinc(II) monochloroacetates, zinc(II) dichloroacetates, zinc(II) trichloroacetates, cadmium(II) dichloroacetes, cadmium(II) trichloroacetates and lead(II) trichloroacetates were prepared by adding 2 mol L -1 mono-, di-or trichloroacetic acid to freshly precipitated metal(II) carbonates (in room temperature). After obtaining saturated solutions, the excess of carbonates was filtered off. These solutions were left to crystallize.
The contents of C and H in prepared compounds were determinate by a Carlo-Erba analyzer with V 2 O 5 as an oxidizing agent; the metal(II) ions in obtained solutions were determined by EDTA titration.
Methods and instruments
IR spectra were recorded with a NICOLETT 6700 Spectrometer (4000-400 cm -1 with accuracy of recording 1 cm -1 ) using KBr pellets. Molar conductance was measured on a conductivity meter of the OK-102/1 type equipped with an OK-902 electrode at 25 ± 0.5°C, using 1 9 10 -3 mol L -1 solutions of complexes in methanol, dimethylformamide and dimethylsulfoxide. The thermal properties of complexes in air were studied by TG-DTG techniques in the range of temperature 25-1000°C at a heating rate of 10°C min -1 ; TG and DTG curves were recorded on Netzsch TG 209 apparatus in flowing dynamic air atmosphere v = 20 mL min -1 using ceramic crucibles. The mass spectra were measured on mass spectrometer ThermoStar, Balzers (Germany), in the range of temperature 25-1000°C at a heating rate 10°C min -1 in flowing ), in the range m/z: 1-120. The X-ray powder diffraction patterns of synthesized complexes and final solid decomposition products in air were recorded on D-5000 diffractometer using Ni-filtered CuK a radiation. The measurements were carried out in the range of 2h angles 2°-80°. Obtained results were analyzed using the Powder Diffraction File [19] . [25, 26] . In addition, a broad band in the water stretching region (ca 3450-3350 cm -1 ) appear for all described complexes.
Results and discussion

Thermal decomposition
Thermal decomposition of analyzed compounds in air is a multistage process. The solid intermediate products of pyrolysis were determined from TG and DTG curves. The thermal decomposition data are collected in Table 5 Compound of Pb(II) starts to decompose at 100°C. On TG curve appears rapid mass loss (found 39.50%, calculated 39.86%). Such a decrease in mass is linked with dehydration, and partial decomposition of carboxylates, Pb(CCl 3 COO) 0.5 Cl 1.5 , occurs. Above 180°C PbO forms.
MS study
Mass study was used to analyze the principal volatile products evolved during the thermal decomposition and fragmentation processes only for Zn(CCl 3 COO) 2 Á2H 2 O compound. The determination was carried out in dynamic air and argon atmospheres.
MS study in air
For Zn(CCl 3 COO) 2 Á2H 2 O major maxima for ion currents are observed in temperature range 190-220°C. For OH The evaluation of all gaseous products finishes at ca 600°C. Figure 6 presents as an example some ion currents vs temperature.
MS study in argon
In The process of dehydration is connected with the decomposition of organic ligands. It was confirmed by emission of gaseous products. As an example, Fig. 7 shows some ion currents vs temperature. Synthesis, thermal study and some properties of Zn(II), Cd(II) and Pb(II) compounds with… 945 to decompose at 50°C (except Pb(II), which is stable up to 100°C). When the temperature rises dehydration and decomposition of organic ligands take place. There are differences in thermal decomposition of zinc and cadmium acetates in comparison to zinc and cadmium chloroacetaes. These differences come from formation of various products containing chlorine. This is reflected in the solid final products of thermolysis [7-10, 12, 13, 16, 17] . In case of zinc(II) and cadmium(II) chloroacetates formation of volatile species containing metal(II) ions take place. A similar phenomenon has been described in the literature [8] , where the authors recorded higher than expected final mass loss. It has been attributed the formation of volatile compounds containing metal(II).
Conclusions
Mass study was used to analyze the principal volatile thermal decomposition and fragmentation products in air and in argon of Zn(CCl 3 COO) 2 Á2H 2 O. Relative, the most species are detected in temperature ranges 190-220°C (in air) and 200-240°C (in argon). In air and argon atmosphere were observed different levels of intensity evolving molecular ions with m/z = 12 and 44 (C ? and CO 2 ? ). In air was not observed presence of CO ? . In both atmospheres some fragments containing chlorine (Cl ? , CCl ? , Cl 2 ? , CCl 2 ? and CCl 3 ? ) were detected. These molecular ions were not observed by the authors [6, 17] .
The results described in this paper complete existing knowledge of metal(II) compounds with halogenoacetates.
